BACKGROUND AND OBJECTIVES: Bariatric surgery is the most effective treatment for morbid obesity and is known to have beneficial effects on glycaemic control in patients with type 2 diabetes mellitus (T2DM) and in diabetes prevention. The preferred type of surgery and mechanism of action is, however, unclear. We performed a systematic review and meta-analysis of randomised controlled trials (RCTs) comparing the effects of laparoscopic roux-en-Y gastric bypass (RYGB) with those of sleeve gastrectomy (SG) on metabolic outcome, with a special focus on glycaemic control.
Introduction
Obesity is a major health issue worldwide and associated with several comorbidities including type 2 diabetes mellitus (T2DM), cardiovascular diseases and cancer. Bariatric surgery is currently the most effective method to induce weight loss in patients with morbid obesity [1] . Worldwide, the most commonly performed bariatric procedures are laparoscopic roux-en-Y gastric bypass (RYGB) and sleeve gastrectomy (SG). RYGB was considered to be the gold standard procedure for many years, whereas SG is nowadays the most commonly performed bariatric operation worldwide. Together, both procedures constitute nearly 80% of all bariatric operations worldwide [2] .
Bariatric surgery is superior to medical treatment for T2DM [3] . However, it is unclear whether RYGB or SG offer the greatest benefit for patients with T2DM. Several randomised controlled trials (RCTs) have compared RYGB with SG. However, body weight loss and body mass index (BMI) was chosen as primary endpoint in six RCTs [4] , whereas T2DM was primary endpoint in only one, glycated haemoglobin (HbA1c) in five and fasting blood glucose in three. Consequently, most RCTs did not include enough patients with T2DM and thus were not powered to allow a comparison between RYGB and SG in this group. Therefore, it remains unclear which of the two bariatric procedures is superior for optimal metabolic control in general and for optimal glycaemic control specifically after surgery. The aim of this systematic review and meta-analysis of RCTs was to compare the metabolic effects of RYGB and SG assessed as serum glucose, and other markers for T2DM and dyslipidaemia in order to identify the procedure associated with best metabolic outcomes.
Methods
A systematic review protocol was registered on the international PROSPERO database and can be accessed by the following registration number: CRD42014009837. All units in the meta-analysis were converted to International System of Units (SI units). Glucose values were converted from mmol/l to mg/dl by dividing by 0.555 (mg/dl × 0.555 = mmol/l), high-density lipoprotein, low-density lipoprotein and cholesterol values from mmol/l to mg/dl by dividing by 0.02586 (mg/dl × 0.02586 = mmol/l), and triglyceride values from mmol/l to mg/dl by dividing by 0.0113 (mg/dl × 0.0113 = mmol/l). To convert the standard error of the mean (SEM) into the standard deviation (SD,) the following formula was used: SD = SE√n [5] .
Search methods for identification of studies

Electronic searches
A literature search was carried out by a professional librarian, MG in collaboration with DAR. An example of our search strategy is included in appendix 1. Two independent reviewers, TH and CH, [6] screened and extracted the data from the records using a pre-defined electronic protocol available at review-net.com. An official meeting of the investigators resolved discrepancies by specialist group consensus. The same procedure was applied for screening and inclusion/exclusion of articles.
Data extraction and analysis
All RCT reports that included data on the primary and secondary endpoints of this systematic review were included. In six RCTs, changes in fasting blood glucose were reported as the primary endpoint. Specific search terms were used for each database: Medline, Pubmed, Cochrane, Embase and SCOPUS. The search took place on the 21 November 2014 and included publications from 1980 onwards. There were no language restrictions. Additional inclusion criteria were: studies comparing RYGB (including biliopancreatic diversion) with SG, and patient age above 18 years. Studies of banding alone, animal studies, case reports, retrospective or prospective nonrandomised cohort and case control studies were excluded. For studies where data for the same cohort of patients were reported in more than one publication (follow-up publications), only the most recent data were included. [4, 10, 11] . The study of Schauer et al. 2014 [12] included the same patient cohort as Schauer et al. 2012 [13] , Sangeeta [12] and Kashyap et al. [14] . Follow-up studies with same patient cohorts but different endpoints were included in specific analyses. The data extracted were the following: author's last name, publication year, study design, total number of patients, number of patients in the SG group, number of patients in the RYGB group, age (mean, median, SD, SEM, range, or interquartile range [IQR]), male:female ratio, preoperative BMI (weight and height), preoperative fasting blood glucose, preoperative oral antidiabetic therapy, preoperative insulin administration (units per day), type of operation, operation technique, operating time (mean, median, SD, SEM, range, or IQR), blood loss (mean, median, SD, SEM, range, or IQR), rate of conversion to open surgery, reason for conversion to open surgery, complications, type of complications, postoperative leak, mortality, cause of death, postoperative fasting blood glucose levels, postoperative antidiabetic therapy, postoperative insulin administration (units), length of hospital stay (mean, median, SD, range, or IQR), postoperative weight reduction (BMI), and the level of evidence of each study (Cochrane risk-of-bias assessment).
Primary and secondary outcomes
The primary outcome was improvement in differences in fasting blood glucose levels, insulin resistance and HbA1c in diabetic patients. A subgroup analysis of studies that included only patients with known T2DM preoperatively was performed. Secondary outcomes included weight-related and lipid metabolism endpoints (such as BMI, and low-density lipoprotein, high-density lipoprotein, cholesterol and triglyceride concentrations).
Statistical analysis
A quantitative synthesis was performed if the included studies reported data on the same parameter and at the same time point. A narrative synthesis of the findings from the included studies and summaries of intervention effects for each comparative study by calculating odds ratios (for dichotomous variables) or mean differences (for continuous variables) was created. For the quantitative synthesis, we pooled the results using a fixed-effects meta-analysis, with mean differences (MDs) for continuous variables and odds ratios for binary variables, and calculated 95% confidence intervals (CIs) with the two-sided p-values for each outcome. Heterogeneity between the studies in effect measures were assessed using both the chi-squared test and the I-squared statistic. An I 2 value greater than 50% was considered indicative of substantial heterogeneity; however, both fixed-and random-effects models are reported. Funnel plots were used and all studies were tested for asymmetry that may reflect selective publication bias or poor methodology. Statistical analysis was performed using R version 3.3.2 (R Core Team, GNU GPL v2 License), R Studio version 1.0.44 (RStudio, Inc. GNU Affero General Public License v3, Boston, MA, 2016) with the graphical user interface (GUI) rBiostatistics.com alpha version (Cloud Graphical User Interface for R Statistics and eLearning Platform. Zurich, Switzerland, 2016).
Description of the studies
The selection process from the initial results of publication searches to the final included studies is illustrated in figure  1 . Initially a total of 879 records were identified, of which 554 were non-duplicates. After the inclusion and exclusion criteria had been applied, 523 records were excluded and an additional 21 records were retrieved. Nine records were excluded after full-text screening (duplicates, statements or abstracts with no full-text available) and four records were added through a manual check of reference lists. Finally, 16 RCT records were included in the meta-analysis (table  1) . The focus was on diabetic patients, who were included in eight studies [4, 10, [12] [13] [14] 20] , including one ongoing study in diabetic patients that was not published at the time of our study [16] . The studies including both diabetic and nondiabetic patients were also analysed, including all 16 RCTs available.
Risk of bias in included studies
The risk-of-bias assessments are described in detail in figures S1a and S1b in appendix 2. Briefly, the assessment of risk of bias was performed by independent reviewers using the updated CBRG criteria [22] , including selection, performance, detection, attrition and reporting bias. Disagreements were settled by a third reviewer. 
Results
We first focus on trials including mixed overweight and obese patient populations with and without T2DM. The results from the subgroup analysis of trials including only overweight and obese patients with T2DM are then reported.
Results from randomised trials including both patients with and patients without diabetes mellitus
Patient demographics
Age at baseline, (preoperatively) did not differ between the RYGB and SG groups (MD 0.02 years, 95% CI −1.51 to 1.56) with a pooled mean age of 43 years (range 37-50) for the RYGB and 42 years (range 36-48) for the SG group. Seven RCTs included both female and male patients [9, 11, 13, 15, 17, 18, 20] , one study [19] included only female and two studies [16, 21] only male patients. Overall, there was no significant difference in the proportion of female patients in the RYGB and SG groups.
Glucose metabolism
Fasting blood glucose was reported at baseline, 12, 24, 36 and 52 months postoperatively (figs 2a to 2e). Surprisingly, there was a significant difference between the two groups at baseline, with higher fasting blood glucose in the SG group (MD 17.38 mg/dl, 95% CI 12.52 to 22.23; p<0.001; fig. 2a ), but with high heterogeneity. However, as illustrated in figure 2b, this difference was lost when the RCT from Schauer et al. [13] was excluded from the analysis (p = 0.738), and this time with zero heterogeneity. Although at 12 months ( fig. 2c) , there was no significant difference in the fasting blood glucose values between the two groups, at 24 months ( fig. 2d) fig. 3a ). As with the fasting blood glucose results, the difference was due only to the RCT from Schauer et al. [12] (fig. 3b) . However, at 12 months, both SG and 
RYGB groups had similar values (fig. 3c
). The only RCT reporting fasting insulin at 52 months (Lee et al. [11] ) also showed no significant difference between the two groups (MD −0.50 μU/l, 95% CI −1.37 to 0.37; p = 0.260). HbA1c at baseline ( fig. 4a ) was similar in both groups. At 12 months, there was a significant difference between the two groups favouring the RYGB group (MD −0.47%, 95% CI −0.73 to −0.20%; p <0.001; fig. 4b ). At 36 months, reported by only two RCTs, there was only a trend favouring the RYGB group (p = 0.127; fig. 4c ).
The homeostatic model assessment (HOMA) index is a method for assessing β-cell function and insulin resistance from basal fasting blood glucose and insulin concentrations. The HOMA index was reported at baseline, 1 week, and 3, 12, 24 and 52 months postoperatively (figs 5a-5e S6e ). The only study reporting results on fasting insulin at 52 months was the one from Lee et al [11] , which also showed no significant difference between the two groups (MD −0.50 µU/ml, 95% CI −1.37 to 0.37; p = 0.260). Baseline data on HbA1c were reported by four studies. There was no significant difference between the two [16] had no effect on the mean difference (−0.21 µU/ml, 95% CI −0.67 to 0.24) but without heterogeneity (I 2 = 0%). We suspect a data reporting error (HbA1c at baseline for the SG group). HbA1c values at 12 months were reported by four studies and there was a significant difference in favour of the RYGB group. (MD −0.46 µU/ml, 95% CI −0.73 to −0.20; p <0.001; fig. 7d ). Only one RCT (Lee et al. [10] with available data for mean and SD) reported HbA1c values at 24 months, and that showed a clear difference favouring the RYGB group (MD −1.50 µU/ml, 95% CI −2.14 to −0.86; p <0.001). At 36 months, another study from Lee et al. [11] showed no significant difference between the two groups (MD −0.30 µU/ml, 95% CI −0.82 to 0.22; p = 0.260). However, the same RCT [11] showed clearly significant differences favouring the RYGB group at 52 months of follow up (MD −1.00 µU/ml, 95% CI −1.50 to −0.50; p <0.001). Baseline data on the HOMA index were reported by two studies and there was a significant difference between the two groups favouring the SG group due to the data of Schauer et al. [12] (fig. S6g) . The two studies reporting the HOMA index at 12 months favoured the SG group (MD 0.09, 95% CI 0.01to0.18; p = 0.030) and this was again clearly due to the inclusion of the Schauer et al. data [12] ( fig. S6h) , as by excluding it from the analysis, the results were completely opposite, favouring the RYGB group [4] (MD −1.30 (−2.59 to −0.01; p = 0.050).
Systematic review
Lipid metabolism
Three studies reported data on low-density lipoproteins at baseline and showed consistent differences between the two groups (MD −10.41 mg/dl, 95% CI −20.77 to −0.06; p = 0.050; fig. S6i in appendix 2) without any heterogeneity, and favouring the RYGB group. Data available on low-density lipoproteins at 12 months from two studies showed significant differences also favouring this group (MD −23.85 mg/dl, 95% CI −33.23 to −14.48; p <0.001; fig. S6j ). Two studies reported low-density lipoproteins at 36 months, with no significant difference between the two groups ( fig. S6k) . The only study reporting long-term results on low-density lipoproteins, at 60 months postoperatively, was that of Lee et al. [11] , which clearly favoured the RYGB group (MD −30.60 mg/dl, 95% CI −48.84 to −12.36; p = 0.001). Three studies reported levels of high-density lipoprotein at baseline and there were no significant differences between the two groups ( fig. S6l) . Two studies reported high-density lipoprotein at 12 months and there was a significant difference favouring the SG group (MD 3.56 mg/dl, 95% CI 0.22 to 6.90; p = 0.039; fig. S6m ) with low heterogeneity (I 2 = 21%). Excluding Lee et al. [11] from the analysis shifted the mean difference to 0.55 mg/dl (95% CI −3.33 to 4.43 I 2 = 0%). High-density lipoprotein data at 36 months were available from two studies and there was no longer a significant difference between the two groups ( fig. S6n) . Similarly, the only RCT (Lee et al. [11] ) reporting longterm results at 60 months postoperatively showed no significant results between the two groups (MD −1.10 mg/dl, 95% CI −4.64 to 2.44; p = 0.540). Two studies reported cholesterol at baseline and there was no significant difference between the two groups. Two studies reported data on cholesterol levels at 12 months and there was a significant difference between the two groups favouring the RYGB group (MD −21.56 mg/dl. 95% CI −33.98 to −9.14; p <0.001; fig. S6o ). One study, from Kashyap et al. [14] and reporting data at 36 months postoperatively, showed significant results favouring the RYGB group (MD −23.20 mg/dl, 95% CI −42.29 to −4.11; p = 0.020). Similarly, the only study (Lee et al. [11] ) reporting long term results on cholesterol, at 60 months postoperatively, showed a significant difference favouring the RYGB group (MD −43.30 mg/dl, 95% CI −61.10 to −25.50; p <0.001). Two studies reported triglyceride levels at baseline, showing a significant difference favouring the SG group (MD 18.09 mg/dl, 95% CI 10.57to25.61; p <0.001; fig. S6p ), again due to the inclusion of the data from Schauer et al. [13] . Despite the initial differences, the results at 12 months were completely opposite, favouring the RYGB group (MD −6.43 mg/dl, 95% CI −9.89 to −2.96; p <0.001; fig. S6q ). The only RCT reporting long-term results at 52 months postoperatively was that of Lee et al. [11] , which showed a clear difference in favour of the RYGB group (MD −36.60 mg/dl, 95% CI −48.46 to −24.74; p <0.001).
Body mass index
BMI at baseline was reported in four studies including only patients with T2DM ( fig. S6a in appendix 2) . There was no significant difference between the two groups at baseline. Four studies reported BMI after 12 months ( fig. 7e ) and there was a significant difference favouring RYGB group (MD −1.18 kg/m 2 , 95% CI −2.02 to −0.34; p = 0.006). At 24 months there were three studies reporting the BMI (fig. S6b) with only a trend favouring the RYGB group. The only RCT in diabetic patients reporting BMI at 52 months was that of Lee et al. [11] , which clearly favoured the RYGB group (MD −1.80 kg/m 2 , 95% CI −2.92 to −0.68; p = 0.002). 
Discussion
The most commonly performed procedures for bariatric surgery are laparoscopic sleeve gastrectomy (SG) and roux-en-Y gastric bypass (RYGB). SG nowadays represents the most commonly performed bariatric operation worldwide, and both procedures together account for nearly 80% of all bariatric operations performed worldwide [2] . Despite a vast amount of literature, there are only three meta-analyses [23] [24] [25] comparing outcome parameters, including glycaemic control, T2DM, triglycerides and cholesterol, for these two procedures. However, all three studies included not only randomised controlled trials (RCTs), but also prospective and retrospective cohort studies. In this meta-analysis we included and analysed only RCTs, and report data derived from 16 RCTs comparing effects of RYGB with SG on metabolic outcomes such as fasting blood glucose, HbA1c levels, insulin resistance measured with the HOMA index, and low-and high-density lipoprotein, triglyceride and cholesterol levels. Two analyses were performed, one including overweight and obese patients with or without T2DM, and a second including only patients with T2DM. For weight loss adjusted by the BMI, the latter analysis revealed a superiority of RYGB over SG at 12, 24 and 52 months for patients with T2DM. At 6 months, analysis revealed a superiority of RYGB over SG for weight loss in patients with and without T2DM. The former analysis further showed a similar BMI at 3 months for both groups. Interestingly, there was a lower BMI in the SG group 6 six months postoperatively, whereas patients in the RYGB group were found to have a lower BMI at 12 months, but the differences were not significant. As only one RCT reported BMI data at 52 months after surgery, a meta-analysis to compare long-term BMI changes could not be performed. However, a recent metaanalysis focusing on long-term weight loss revealed no difference between RYGB and SG [23] . In accordance with previous meta-analyses, RYGB was found to be superior in terms of fasting blood glucose at 24, 36 and 52 months postoperatively [23] . These results were obtained in both analyses. Only at 12 months was there no difference when patients with and without T2DM were analysed together. However, for diabetic patients only, RYGB was found to be superior in terms of fasting blood glucose at 12 months. Further, favourable HBA1c levels at 12 months were found in the RYGB group, and there was no difference in baseline HbA1c in both analyses, which is also concordant with previous reports [24] . However, there was no difference in HbA1c levels between the two groups 36 months postoperatively with only trends favouring the RYGB group. Interestingly, there were significant differences in the baseline data for the HOMA index, fasting blood glucose, fasting insulin and triglycerides, which favoured the SG group; this difference was eliminated when one RCT was excluded from the analysis. This study evaluated the efficacy of intensive medical therapy alone versus medical therapy plus RYGB or SG and was not powered to detect differences between the two surgical procedures [12] . Given the randomised study design, it remains surprising that the HOMA index differed at baseline between the two groups in this study. This particular RCT did not report data on the HOMA index at early postoperative time points. However, in our analysis it was found that there was no difference in the HOMA index at 1 week postoperatively, whereas the RYGB group showed a significantly better HOMA index at 3 months postoperatively. In contrast, the SG group showed favourable HOMA indices at 12 months after the surgery when compared with the RYGB group in both types of analysis. The present meta-analysis failed to detect a clear superiority of one procedure over the other in terms of the HOMA index, but other authors also did not find differences between RYGB and SG in the correction of insulin resistance [26] . In contrast, a recently published meta-analysis reported a significantly lower HOMA index after RYGB when compared with SG, but the analysis was based on the studies of Woelnerhanssen et al. 2011 [7] and Lee et al. 2011 [10] , without including the study of Schauer et al. [12] . The effects of RYGB and SG on dyslipidaemia were also analysed. Here, a significant superiority of RYGB, with lower low-density lipoprotein levels 12 months after surgery, was found in both types of analysis. Differences were absent at 36 months after the surgery, which is in accordance with previous reports [27] . In contrast, baseline high-density lipoprotein levels significantly differed between the two groups, with higher levels in the SG group. Such baseline differences may indicate of problems in the randomisation process in the included studies. Alternatively, they may suggest presence of patient selection bias, as patients with a higher cardiovascular and thus surgical risk may be more likely to receive a SG, which many consider as a less invasive and potentially safer operation than RYGB. Differences between the groups were still detected at 12 months postoperatively, both groups showed similar high-density lipoprotein levels at 36 months after surgery. This was true both for both types of analysis.
In contrast to the high-density lipoprotein levels, cholesterol levels at baseline were similar between the two groups. Further, there was a significant trend towards superiority of the RYGB group at 12 months postoperatively if patients with and without T2DM were included in the analysis. If RCTs that only included patients with T2DM were analysed, the differences became significant, indicating superiority of the RYGB group. Although there was a significant difference in triglyceride levels at baseline between the two groups, the analysis revealed a superiority of the RYGB group at 12 months after surgery when compared with the SG group in both types of analysis. In summary, the data obtained from this meta-analysis indicate a superiority of RYGB over SG in short-, mid-and, in some instances, long-term metabolic outcome. However, most of the early differences were not analysed in the long term. Only BMI was reported at 52 months [11] . The underlying physiological mechanisms that could potentially explain the observed differences in metabolic efficacy of the two procedures remain unclear and are the object of intensive research efforts worldwide. They may be related to early, weight-loss independent differences in gastrointestinal hormone levels, gut microbiota or bile acid metabolism [28] [29] . In the longer term, however, the most important mechanism might be weight loss, which was favoured by RYGB.
Limitations
Every meta-analysis heavily relies on the quality of the included studies. Here, one important limitation is the shortness follow-up in the included studies, with only a few [11, 13, 16] reporting 36-, 52-and 60-month follow-up data, which questions the durability of the observed differences. Further, differences in baseline data for key metabolic parameters might be indicative of a problematic randomisation process in some, but not all RCTs included in this meta-analysis, and not for all parameters. Unfortunately not all studies reported baseline-data and therefore we were unable to investigate this problem by calculating differences between baseline and follow-up in each arm. Moreover and unfortunately for general practitioners, we are unable to present absolute values because results in the included studies were not paired and no paired t-test statistics for mean differences were reported. Blinding of participants and personnel as well as blinding of outcome assessment were the major areas for risk of bias of the included RCTs. Overall, in our bias assessment the risk level in most areas remained unclear. Moreover, it remains unclear whether the observed superiority of RYGB over SG in improving glucose homeostasis translates into a reduced incidence of end-organ complications such as diabetic retinopathy, nephropathy and neuropathy. Similarly, our meta-analysis does not answer the question of whether the advantages of the RYGB in ameliorating dyslipidaemia translates into a mortality benefit over SG. Further clarification will require larger trials with longer follow-up.
Conclusion
This systematic review suggests that RYGB is more effective in short-, mid-to long-term metabolic outcome when compared with SG. Changes in body weight, lipid levels, and glucose homeostasis after RYGB were superior to those reported after SG. The superiority of RYGB over SG on hard clinical end-points, such as myocardial infarction, stroke, renal failure, blindness and death, as suggested in nonrandomised trials, can only be adequately assessed through larger, multicentre trials addressing these specific questions. Of note, data must be interpreted with caution as the follow-up period of most included RCT may be too short to justify long term conclusions. However, based on the currently available reported data, and contrary to the global trend, the authors prefer RYGB, unless contraindicated, over SG to treat patients with obesity and T2DM and/or dyslipidaemia.
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Example search strategy (Medline)
This appendix is available as a separate file for downloading at https://smw.ch/en/article/doi/smw.2018.14633/.
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Supplementary figures
Figure S1a: Bias assessment I. 
